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INTRODUCTION

My first project during my internship was a project in Taiwan, Kaohsiung. The harbour of
Kaohsiung had to be dredged and the sand needed to be dumbed at a dumpsite. The client was
going to extend the harbour. Jan de Nul had the job to dredge the harbour to a certain depth.
During this project there had to be done a survey almost every day. The dredging ship, the
Charles Darwin, dredged all day and all night, so they needed an update of the seafloor quite
often. After doing a survey the data needed to be filtered. Filtering a dredging area can be
tricky because sometimes the survey had to be done while the ship was dredging.

For the Standard of Competence reports we had to choose three different subjects. This SOC
report is about approximation and estimation. In the document where all the different SOC
subjects are described, this subject is described as follows: Describe methods for estimating
and approximating static and dynamic survey measurements. Apply and analyse filtering and
cleaning functions using appropriate software.

| chose this subjects because | find the processing of the survey data very interesting. During my
internship | have to do the processing of the survey data. | think | will learn a lot about this
subject and will have enough information and results to put in this report.

In this report | will first tell something about filtering survey data in general, then about the
program we used to filter the survey data, AutoClean. | will talk about how to set up a project
and the different filters that are possible to use. Lastly, | will tell about the filters that are used
to filter the survey data at the project in Kaohsiung and what these filters did to the data.
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FILTERING SURVEY DATA

Filtering the survey data is very important, because you want to make sure the data is accurate
and no false depth are shown. The survey data has to be cleaned because there can be points in
the data that don’t represent the actual seabed. Those points are called ‘spikes’. Spikes can be
formed because of fish or bubbles of air in the water. They can also be formed because of
cloudy water. Cloudy water spikes are common at a dredging project, because the dredging
ship creates cloudy water.

So to get those spikes out of the survey data the data have to be filtered. This can be done by
hand or automatic. Some recording programs can also filter the data during a survey, Qinsy for
example. In Qinsy you can set a minimum and maximum depth and when the data points get
under or above those settings those points will be filtered. When you load this data in any
filtering program, those filtered points will not be shown. So you need to pay attention for
these filters during a survey.
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In the top half of the picture you can see the swath of the multibeam and in the bottom half of
the picture you can see the settings for the minimum and maximum depth. All points under or
above the given depth will be immediately filtered. You can also set the sector of the
multibeam. The data at the end of the sector will be less accurate so you can choose to remove
1 degree or more at both sides of the multibeam range.

After the survey is done you can also filter the data by hand. In most data filtering programs
you can select an area that you surveyed and filter the data. How this will look in AutoClean,
the program used at this project, will be shown in a following chapter.

If the area you surveyed is big it will take a very long time to filter the data by hand, which is
why most programs also have automatic filters. You can turn on and off what filters you want
or even ad a new filter. After that you can filter the whole survey in one time. Remember to
always check the data after doing this because the automatic filters will not always delete all
the spikes in the data or remove data that should not be removed. To check the data before
filtering the whole data you can (at least in AutoClean) choose to ‘show preview’. In that way
only the area you selected will be filtered and you can check what the filters will do to the data.
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2 AUTOCLEAN

At the project in Kaohsiung we used the program ‘AutoClean’ to filter the survey data. Jan de
Nul always uses this program. Before they used AutoClean they used Qloud, which is the
processing program from Qinsy. Now Qinsy has made a new processing program, Qimera. This
program is still under progress because it is quite new. That is why Jan de Nul chooses to use
AutoClean instead.

AutoClean is a BeamWorX program to quickly process point data sets. It can automatically load
and clean data. Various reporting tools assist the user to verify the data quality.
AutoClean can only be used with a dongle, so it is a program that has to be paid for.

Image 2 AutoClean logo
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2.1 HOW DOES AUTOCLEAN WORK

Below will be shown and explained how to create a project in AutoClean and what the settings
were used at this project.

Step 1: Open AutoClean after inserting the dongle and choose new project.

T ST ——

RQO0S4 016 17:24:22

Newproject 23082016 144814

RQuost 2308206125933

NewProject 22.08-2016 185250

RQQ050second 22:08-2016 174414

RQU0S0 22:08-201617:1204

RQO04Y 20-08-2016 18:41:47
3912-LU2-160815-01-RQUD46-Extra insurvey 20-08-2016 162140

Filter Group: (Fiter Example Wik

Descripton:  Fiter Example Wik

S50 ¢ e €4 CreatedBy:  <you>

&, New Project

Project Name and Location

Define the name for the project and a parent folder. The wizard will create a project folder in the
parent folder with the project name.

Project Name: NewProject]

Parent Folder:  D:\Data\s267jon\Documents\Test AutoClean\Testhanna Q|

Next | | Cancel
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Step 3: Choose the Grid Cell Size and if you want to use a EPSG Code of point data you can also
choose that code in this display. The EPSG code is a structured dataset of Coordinate Reference
Systems and Coordinate Transformations. At this project we didn’t use an EPSG Code so it
automatically switches to UTM. Grid Cell Size has to be the same size as used during the survey.
At this project we used a Grid Cell Size of 0.5.

[~ A
- O e
@ @ New Project -
Project and Import Settings
Grid Cell Size: 1.00] v
EPSG Code of point data: (0 = Not Used/Auto UTM) 0
[ 1mport Includes Rejected Paints
[] Apply Scale Factor to Heights: 1.00
[ Next ] [ Cancel ]

Step 4: Add a folder or files. This has to be the DTM data of the survey otherwise the program

will not recognize the data.

L ]

@ . New Project s - —— —

Select Point Files

Select the Point Files you wish to add to the project. Various formats are supported.
Note that file names should be unique in the project.

Duplicate file names will be marked in the list below.

Itis also possible to add files later.

V:\3912-TWN-Kaohsiung 54-S5\01 Survey Data\01 Multibeam Data\ » | | Add Folder...
V:\3912-TWN-Kaohsiung $4-S5\01 Survey Data\01 Multibeam Data| |
V:\3912-TWN-Kaohsiung $4-55\01 Survey Data\01 Multibeam Data) Add File....
V:\3912-TWN-Kaohsiung 54-S5\01 Survey Data\01 Multibeam Data\
V:\3912-TWN-Kaohsiung 54-S5\01 Survey Data\01 Multibeam Data'

V:\3912-TWN-Kaohsiung $4-55\01 Survey Data\01 Multibeam Data' _

Remove File(s)

VAIOTD TIAN Vanlcivimas €4 CEANAT Coivivms NadalNT Al maaims Nadal
< | 1 | »
[ Finish ] [ Cancel ]

Image 3-6 Explanation setting up a project in AutoClean

After clicking op Finish the data will be shown in AutoClean and you can start filtering the data.
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2.2

FILTERS IN AUTOCLEAN

In the list below are the filters shown that are currently available in AutoClean. There is also a
small explanation given by the filters.

Filters

Description

Area Outlier

Reject based on mean distance to its neighbours

Basic Ping Blocking

Rejects based on relative position w.r.t. the transducer position

Clip Abs. Height

Reject on absolute point height

Clip Grid Reference

Reject points based on height difference w.r.t. the grid reference
layer

Clip Mean Height

Rejects footprint in cell(s) based on mean height and gate

Edit Classification
Filter

Will change the point classification and/or status

Isolated Cluster

Reject points that are located in an isolated cluster (group)

Lonely Cells

Reject points that lie in isolated grid cells

Low Hit Count

Rejects all footprints in a cell when cell does not contain enough
points

Overlap Fixer

Fixes height errors on overlaps cause by refraction errors

Reducer — Voxels

Voxel (3D box) based reducer

Refraction Correction

Allows to correct for refraction errors due to SVP changes during
acquisition

Reset Modification

Reset any kind of modification

Slope Filter

Reject on mean slope to neighbours

Surface Spline Filter

Reject based on fitting a thing plated spline through patches of
points

Vertical Plane

Rejects vertical planes from data

95% Confidence Level

Statistical outlier rejection based on cell mean

Table 1 Filters with description

All filters above will be explained in detail on the next page. All filters described on the next
page are based on the actual Grid Size of the Chart View, smaller of larger grid size will give

different result.
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Area Outlier
This filter will reject points based on its mean distance to its neighbours. Points are rejected
when the Standard Deviation of the distances is larger then the user defined threshold. This

filter is very effective for laser data.
Filter Settings

Type: [Area Outlier b ]

This Filter will Reject footprints based on its position to its neighbours, also very suitable for laser data

Number of points for distance estimation: 25

4»

Std. Deviation Multiplier: 1.00 =

Basic Ping Blocker

This filter will reject points based on their relative position measured from the transducer. One
can select the preferred clip properties simultaneously. Most formats, like FAU or XYZ, do not
contain a transducer position. AutoClean estimates the transducer position and height from
available point properties during import, therefor do not set the filter gates too tight.

Filter Settings
Type: [Basic Ping Blocking v ]
Clip Ping
This filter will reject points based on their relative position measured from the transducer position.
Clip on: Smaller than: Large than:
[] Depth: 1.00 = | 100.00
["] Range: 1.00 = |200.00
[ sector: -60.00 * || |60.00

Clip Absolute Height
This filter will reject points based on their absolute height. Points outside the minimum and
maximum range will be rejected.

Filter Settings

Type: |Clip Abs. Height v |
This filter will reject footprints based on their absolute height. Set the Accept Gate below, all heights outside the gate
are rejected.
Maximum: 0.00 =
Minimum: -20.00 3
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Clip Grid Reference

This filter will reject points based on their height difference w.r.t the grid reference layer.

Filter Settings

Type: [Clip Grid Reference

%)

This filter will reject points based on their height difference w.r.t. the grid reference Layer.

Max. Above Ref.:

Max. Below Ref.:

Note: Grid Reference Layer must be filled!

Clip Mean Height

1.00
1.00

This filter will reject points in a cell that has a bigger height offset from the mean that is set by
the user. The user defined Number of Neighbours is used to calculate the mean value.

Setting "No neighbours" will force the algorithm to create a virtual cell around each point
position. This means that the point to be evaluated is always in the centre of the cell. During

evaluation the examined point does not contribute to the used mean value.

"1 Neighbour and more" will force the algorithm to adapt to the neighbouring mean of the
cells. The Reject when outside mean +/- gate is applied to the minimum and maximum found in

the virtual cell and the neighbouring ring.

Do not use Clip Mean Height with 2 or more neighbours with rejects outside mean < 1.0m. This

will remove valid data.
Filter Settings

Type: [Clip Mean Height

v

Clip Mean Height

This filter will reject outlier footprints in a cell. It will determine the mean in the cell and when a footprint lies outside

of a gate around the mean value it will be rejected.

Reject when outside mean +/-

Number of used Neighbors

1.00

[No Neighbors

Approximation and Estimation
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Edit Classification Filter
This filter will change the point classification and/or status, optionally based on input
conditions.

Filter Settings

Type: |Edit Classification v)

This Filter will change the point classification and/or status, optionallly based on input conditions.
Input Conditions

[] only Change when Classification equals:
<None Selected >
[] only Change when point:
Is Accepted
Edits

New Classification:

[[1] Undlassified v

[] change Status:

To Rejected @ To Accepted

Isolated Cluster

This filter rejects points that are located in an isolated cluster group. All points that lie within
the 3D distance (Point Interval) of each other are added to a cluster. This way separate point
clusters are created.

Clusters that are not on the partition boundaries of the main cluster will be removed (Lonely
Data).

The Use Z scale is to modify virtually the vertical distances between the points and so adjust
the filter vertical sensitivity. The smaller the Point Interval the more points will be deleted.

Filter Settings

Type: [Isolahed Cluster A ]

This filter will reject dusters of points that are isolated from the largest duster, this is considered the valid surface.
Clusters are created based on a point interval. The smaller the interval the more points will be rejected.

4»

Point Interval: 1.00
[7] Use Z Scale: 1.00
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Lonely Cells
This filter will reject points that lie in a sounding grid cell that is isolated from the ‘main survey

cells’. The filter is based on grid cells, it will only look in the horizontal direction, this in contrast
to the filter ‘Isolated Cluster’ that will reject in 3D. Cells that are not connected with at least
one cell side to the main survey area will be removed.

Filter Settings

Type: [Lonely Cells > ]

This filter will reject cells that lie horinzontally isolated from the main survey cells. These cells are commonly found at
the edge of the survey boundary. Cells that are not connecting with at least one side are rejected.

Low Hit Count
This filter will reject all the points in a cell when it has less accepted points than the user
specified minimum. Cells with less than 10 hits will be removed in the example below.

Filter Settings

Type: |Low Hit Count v |

Low Hit Count
This filter will reject all the footprints in a cell when it has less accepted footprints than the user specified minimum.

-
v

Minimum number of accepted footprints per cell: 10
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Overlap Fixer

This filter corrects for refraction errors on file overlaps. It will either modify the point heights or
reject the point with higher beam angle to remove the refraction error.

For each cell the filter calculates the "mean height value" and "average beam angle" per line in
the specific cell.

Modify Heights

The points from the lines with a higher average beam angle will be height shifted with the
offset in the cells mean per line compared to the cell with lower average beam angle.

Beam Angle Smoothing: This is used to make the overlaps smoother. Typical value for this is 5
to 10 degrees.

Reject points with higher beam angles

No height modifications are carried out but instead the points with a mean higher beam angle
will be rejected. This should be used for Beam Angles higher than 50 degrees.

Modify Heights mode will give the best results. Use Reject points with higher beam angles when
no height modification is allowed.

Filter Settings

Type: [Overlap Fixer v ]

This filter corrects for refraction errors on overlapping files. It will modify the height of the points or reject them,
depending on the modification mode.

Modification Mode
@ Modify Heights
Heights will be modified to achieve a better overlap
Beam Angle Smoothing: 0 < Deg
) Reject points with higher beam angles
Less accurate but an alternative when modification of height is not allowed

Only For Beam Angles > 45 Deg

Reducer - Voxels

The Voxel filter is a dataset reducer, it creates 3D cells with the user defined dimensions. The
points closest to the cell centre remain, the other points will be rejected. The used voxels are
aligned with the grid if possible. The voxel filter is quite useful to remove duplicate points. Set
the Horizontal and Vertical Voxel Size to 0.01.

Filter Settings

Type: [Reducer - Voxels v ]

This filter is used as a reducer. It uses voxels for this, 3D boxes. It will grid all the points in the voxels and keep only
one central point per box.

Only when Cell Count > 50 =
Horizontal Voxel Size: 0.20 =
Vertical Voxel Size: 0.05 =

Approximation and Estimation Page 14 of 29
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Reset Modifications

This filter will reset a modification.
Filter Settings

Type: [Reset Modifications

Choose below which type of modification to reset.
Reset Rejections
Rejections by automated filtering
[ original Rejections (encountered during import)
["] Rejections by manual editing

Reset Height Modifications

[ Point Height

Reset Classification

[7] set Point Classification to zero

Warning: all imported cdassification is discarded!

Reset Rejections

This filter is used to reset one or more rejection flags of the points. It can be used directly form
the Chart View as well with the icon, which is shown below.

This filter can only be used as the first filter of a filter group. This can be handy to reset any
modification prior to applying the other filters in the filter group.

9

Slope Filter
This filter will reject points based on its mean slope to its neighbours. The filter strength goes
from weak to aggressive, aggressive will reject more points. Set the number of neighbours

based on the measure point density.
Filter Settings

Type: |Slope Filter v

This Filter will Reject footprints based on its mean slope to its neighbors. Stronger filtering will reject more points. This is
a computation Intensive filter.

Number of neigbours: 25

Filter Strength: [Aggresive N ]
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Surface Spline Filter

This filter rejects points based on fitting of a thin plated spline trough patches of points. When

the point distance to the thin plate spline is larger than the Reject Gate, then the point is
removed.

Settings:

- Bottom Roughness: From Very Flat -> Very Rough: In most cases, normal will do just fine.

- Survey Standard: The depth of rejection is determined by taking an overall transducer height
and subtracting the point height of it. With a and b as parameters of the Survey Standard the
clipping gate is calculated.

- Fix Clip Gate: This is a user defined fixed value to determine the rejection.

The Surface Spline Filter should always be preceded by a filter that takes out the large spikes:
Isolated Cluster or Clip Mean Height. This filter is typically used for removing small noise close
to the seafloor. The Surface Spline Filter is very slow compared to a Clipping Filter.

Filter Settings

Type: [Surface Spline M ]

Filters points in small patches and estimates the seafloor surface with a best fitting thin plate spline. Next it will reject
points that lie further away from the spline then the rejection gate. Suitable for fine grained filtering. Large spikes are
better removed with faster filters.

Bottom Roughness: Normal v
(") Use Survey Standard IHO Special Order v
@ Use Fixed Clip Gate: 0.25 v
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Vertical Plane
This filter is designed to remove quay walls. It rejects a vertical plane from the data in the
Inspection Area.
Vertical Tolerance Angle: This is the maximum tolerance of the vertical wall that must be
removed from the dataset. Do not set it too tight.
Thickness: This is used to define the thickness of the plane.
Reject Points behind plane will remove all points behind the plane. Behind in this case is seen
from the transducer.
This filter can only be applied on the current Inspection Area because it will remove only a
single plane.
This filter only works properly on quay walls of 5-10m, not on a small wall of 1-2m.

Filter Settings

Type: [Verﬁcal Plane i ]

This filter will automatically detect a vertical plane in the point data and rejects all points that are located inside this
plane. This filter is typically used for removal of quay walls.

Plane detection settings
Vertical Tolerance Angle: 10.0 =
Thickness: 0.15 =

Reject Points behind plane

Note: Filter works only on InspectionArea

Confidence level
This filter will reject the worst outlier point in a cell in comparison to the cell mean value. It will
do this iteratively until the confidence level of the cell has fallen below the maximum user
specified value or when the minimum valid point count is reached.
The Overlap Mode:
- Normal statistics should be used as standard
- Relative to mean height per file, the filter will first create a temporary cell that contains all points
but shifted to the mean height compared per line.

Type: |95% Conf. Level v

95% Confidence filter

This filter will reject outlier footprints in a cell. It will do this iteratively until the confidence level of the cell has fallen
below the maximum user specified value.

Max. 95% Conf, ~
Level: 0.50 =
Min. valid point 2 ~
count per cell: =
QOverlap Mode: | Normal Statistics N

Image 7-18 Filters with detailed explanation
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3 FILTERS USED AT SITE

At this project we used the following filters:
-Isolated cluster

-Clip mean height

-Lonely cells

-Surface spline [Normal, IHO Special Order]

Filter Group: [Filter Example Wiki

Description:  Filter Example Wiki

Created By: <you>

Mode: [ == Filter all Point Files combined (Default)
Filters

Isolated Cluster [Int:1.00,Z:No]
Clip Mean Height [G:3.00,NB:2]
Clip Mean Height [G:1.00,NB:1]
Clip Mean Height [G:0.50,NB:1]
Clip Mean Height [G:0.30,NB:1]
Clip Mean Height [G:0.20,NB:1]
Clip Mean Height [G:0.10,NB:1]
Clip Mean Height [G:0.10,NB:1]
Clip Mean Height [G:0.10,NB:0]
Lonely Cells

Surface Spline [Normal, IHO Special Order]

E3EXE R

[] show Preview

Image 19 Filters used at project

In the previous chapter is already explained what these filters do and out of experience these
filters worked the best with the survey data at the project. Sometimes we also used overlap
fixer when there was a lot off overlay problems between the lines.

You can see there are many Clip Mean Height filters, these are all set to a different distance to
the mean. Also some of the filters use a different number of neighbours. What this means can
be read in the previous chapter.
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4 RESULTS

In this chapter | will explain what all the filters used at the project in Kaohsiung did to the
survey data. | used an area where | thought the effect of the filters will be seen best. The data

used below is the data from August 24.

This is the data without any filter.

..FILTER PREVIEW.

Approximation and Estimation
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Isolated Cluster + Clip Mean Height 1

12,00 FIETER PREVIEWE b s FILTER-PREVIEW

Isolated Cluster + Clip Mean Height 2
1100 -FILTER-PREVIEW. - s ——————————— b ... FILTER.- PREVIEW.
12,00 b . S : ; oo o

-14.00 e

-16.00

Isolated Cluster + Clip Mean Height 3
1100 -FILTER-PREVIEW. - e A P A P i FTITER-PREVIEW.-

Isolated Cluster + Clip Mean Height 4
100 -FILTER-PREVIEW. ...+ '

1200 e

Isolated Cluster + Clip Mean Height 5
1200 FIETER PREVIEW. s gl FICTER PREVIEW.

S P X I e

13,00 creeereee bt st s s

-14.00

-15.00

-16.00 R— SO OSOON SO
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Isolated Cluster + Clip Mean Height 6

-17.00 o

0 -80.0 0

Isolated Cluster + Clip Mean Height 7
1100 -FILTER-PREVIEW....... : : FILTER PREVIEW...

_FILTER PREVIEW

_ FILTER PREVIEW

B R e —
-120.0 -80.0 -40.0

Isolated Cluster + Clip Mean Height 8 +Lonely Cells + Surface Spline (all filters)
wa FITER PREVIEW e J) FILTER PREVIEW
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In the pictures below you can see a smaller area of the data with all the filters. You can see that
there are still some spikes left, which the automatic filters didn’t filter out. There is also a part
in the second picture where the filters deleted good data. Overall these filters do a very good
job at filtering the data. On the day of this survey the Charles Darwin wasn’t dredging close to
the survey vessel so there was almost no cloudy water and the filters could determine the good

data easier.
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In the next examples is shown what will happen if you use all the filters on specific data without
checking it.

The first example is an area where the 95% confidence interval isn’t made. After all the filters
are applied also good data is filtered out and not all the bad data is filtered out.

Before filters

178680.0 178760.0 178800.0
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In the second example there is a bit of noise in the data and the program filters out the good
data and keeps the bad data completely.

This is what the data looks like after it is filtered, as you can see there is a ‘pancake’, which can
be formed by trouble water. The real seafloor is filtered out. The purple points are points that
are deleted.

You can fix this by filtering this part of the data manually and then it should look something like
this.

Approximation and Estimation Page 25 of 29



Jan De Nul

GROUP

@ H6.2B Filtering and estimation of multi-beam data

In the third example there is one line that had an RTK problem. The line with the RTK problem is
the orange line and is not in line with the other lines.

Before filters
al Inspection Area: 397502 > : : “r il é QV' \v/

X
&

Slce View

-14.80

-15.20 -

15,60 oo

-16.00 oo

-16.40 -

-16.80 e

The program will also filter out good data and not only the orange line.

To fix this without the filter you first need to be sure which line has the RTK problems. In the
picture below is a different position shown but still the orange line isn’t in line with the other
lines. The orange line is certainly the line with the RTK problem.
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To get the orange line on the same line as the others, you can select that line and choose ‘Shift
Pings to Neighbors’. This is actually sort of a trick to make the data look good, so to be even
more sure the data is correct you should sail another line over this area, or when you have
already done that and there is enough overlay the whole line can be deleted.

NewProject] - AutoClean

File [Edit] View Quality Tools Help

= " Undo Shift Ping Heights To Nesghbors [1D:39) Ctrl-Z ‘ Fiter ann]ple Wiki ~ A | 4 4y

A =53 @l '~

Filter Entire Survey
Filter Inspection Area
Filter Selected Line
Show Filter Preview
Reset Rejections...

Reject Points....

Reject Area by Mouse

Interpolation..

Height Shift File [1D:39 Shift Pings to Neighbors

Height Shift Entire Survey Shift Pings to Neighbors (Inspection Area)

Area Selection Manual...

LY} > A 3
Manual (Inspection Area)..
Validation Rectangles p )

Reset Shifts

Recet Shifts (Inspection Area)

After this the data will look like this:

Image 20-49 Survey data with examples of filters

If there isn’t anything else wrong with the data, the rest of the filters can now be applied.
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5 EPILOGUE

At school we already learned a little bit about data processing but with programs like Qinsy and
GRASS. Therefor it was very interesting to work with a new program. | understood how the
program worked pretty fast and | found that AutoClean is very client-friendly program. It was
easy to work with and is very conveniently arranged.

| had to use this program almost every day so after a while | knew how AutoClean worked
pretty good and the processing went quicker every day.

This subject attracts me very, but | found it hard what to put in the report and what not. There
are so many options and filters in AutoClean, but | think | picked the most important things in

terms of filtering the data in general and at this project.

Overall I think a learned a lot by making this report.
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6 SOURCES

http://beamworx.com/autoclean

Surveywiki —Jan de Nul
Simon Steels — Surveyor at site

Autoclean help

http://www.sssi.org.au/userfiles/docs/Hydrography/documents 14755360201084877588.pdf
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